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I. Introduction
One of the most intriguing results in the study of heavy-ion resonances has been the observation of the pronounced, narrow and well isolated quasi-molecular resonances in the elastic and inelastic scattering of medium mass nuclei. The first observation of such resonant structures in systems around the mass A = 50 region was reported by Betts et al. [1] [1, 2] ). Perhaps the most intriguing aspect of these excitation functions is the narrow width structures which are observed to be very highly correlated.
For a better understanding of the nature of these resonances it is important to know their detailed properties. Most important is the determination of their spins. One of the explanations suggested for the nature of these resonances is that they are associated with quasi-stable configurations with extreme deformation. This interpretation is supported by Nilsson-Strutinsky model calculations. In this model the structure of the compound nucleus at large deformation and high angular momenta has been considered. Calculations of the potential energy surfaces for nuclei such as 56 Ni and 48 Cr using the Nilsson-Strutinsky prescription show significant secondary minima (β = 0.9) at extremely large prolate defor-
mations. An example of such a potential energy surface is shown in Fig.2 (figure taken from [5, 6] Doppler-shift corrections were applied to the γ-ray data on an event-by-event basis using measured velocities and angles of the detected fragments.
III. Experimental Results of

28
Si +
Si Reaction Fig.4 shows the two-dimensional energy spectrum E 3 -E 4 of the fragments in coincidence with one pair of position-sensitive detectors. Three regions, noted 1, 2 and 3, can be distinguished in the figure. The region 1 corresponds to the binary products of the 28 Si + 28 Si reaction. In this region the spectrum shows well structured distributions indicating that the bombarding energy corresponds well to the resonance energy. The region 2 arises from the reaction products of the 28 Si with heavy contaminants, and region 3 corresponds to the light charged particle (p, α) coincidences arising from the fusion-evaporation of the 56 Ni compound system. The identification of different exit channels corresponding to region 1 has been obtained by using mass spectra (as shown in Fig.5 ) constructed by standard binary kinematic relations [9] . In order to understand better the nature of the quasi-molecular resonances it is important to know their detailed spin properties. For this purpose we will focus our analysis on the 28 Si + 28 Si exit-channel.
A. Fragment-Fragment Coincidence Measurements
"Observation of Spin Disalignment "
By setting gates with the conditions M T = 56 and M 3 =28 in the mass spectra, we have selected the 28 Si + 28 Si exit-channel [9] . This has permitted us to construct the excitation energy spectra (E X ) defined by the following expression :
where Q gg is the reaction Q-value. E 3 and E 4 are the energies of the two fragments detected in coincidence.
Fig .6 shows the gated two-dimensional spectrum of the ejectile energy E 3 as a function of the excitation energy E X for the 28 Si + 28 Si exit-channel. The vertical band corresponds to different excited states in the two 28 Si fragments, whereas the regular pattern of yields are due to strongly structured angular distributions. In order to investigate the resonance effects, we will extracted the angular distributions from the projections on the E X axis with excitation energy gates around E X ≈ 0, 1.7 MeV, 4 MeV, 6 MeV and 10 MeV corresponding to the different states of the two 28 Si fragments. This method, which allows us to extract the angular distributions at the different excitation energies, will permit us to determine the dominant orbital angular momentum characterzing the distributions and to distinguish between resonance and fission processes.
The angular distributions (AD) for identical particle exit-channel 28 Si + 28 Si at different excitation energies are displayed in Fig.7 . We can distinguish two trends in the AD behavior :
1 -At the low-lying states E X ≤ 4 MeV :
The 28 Si( 28 Si, 28 Si) 28 Si identical particle exit-channel at E lab = 111. in perfect agreement in the elastic channel with the previous data of Betts et al. [7] . The fact that the measured angular distributions in the elastic, inelastic, and mutual excitation channels correspond to shapes characterized by the same single Legendre polynomial squared means that the resonant behavior is dominated by a unique and pure partial wave associated with the angular momentum value L = 38h. This value can finally be considered as the spin of the well defined and isolated quasi-molecular resonance.
Knowing that the total angular momentum J = L + I is conserved and that the angular momentum L = 38h is dominant in these three resonant channels implies that the projection of the spin along the direction perpendicular to the reaction plane is m =0. This is the signature of the disalignment between the relative angular momentum L and total spin I.
This signature of spin disalignment will be verified in the following by fragment-fragmentgamma correlation measurements for the two low-energy inelastic excitations using the Eurogam Phase II multi-detector array.
2 -At the high excitation states E X ≥ 6 MeV :
The identification of the excited states (3 In general the angular distributions show that the low-lying states are characterised by the resonance phenomena and, for the first time, by spin disalignment. The fission process is believed to dominate the distribution at high excitation energy E X ≥ 6 MeV.
B. Fragment-Fragment-Gamma Coincidence Measurements
"Confirmation of Spin Disalignment "
In order to understand this disalignment we will focus our analysis on the fragmentfragment-γ coincidence data of the 28 Si + 28 Si exit-channel [9, 10, 11] . Spin disalignment estimates of the low-lying excitation states (single inelastic 2 [9, 10, 11] ) with high spins such as 38h, an equator-equator (E-E) touching configuration is favored. Hence it is interesting to investigate molecular modes around such a new type of equilibrium. In Fig.10 , an oblate-oblate configuration is displayed, where we have introduced a rotating molecular frame, the z ′ -axis of which is parallel to the relative vector of the two interacting nuclei. For the sake of simplicity, we consider the system of two identical deformed nuclei with a constant deformation and axial symmetry, and then we have seven degrees of freedom. Three of them are from the relative vector R = (R, θ 1 , θ 2 ).
Collective degrees of freedom of deformed nuclei are the orientations of the symmetry axes, which are described by the Euler angles (α 1 , β 1 ) and (α 2 , β 2 ). α 1 and α 2 are combined into θ 3 = (α 1 + α 2 )/2 and α = (α 1 − α 2 )/2. Thus we have (q i ) = (θ 1 , θ 2 , θ 3 ,R,α, β 1 , β 2 ), where θ i 's are the Euler angles of the molecular frame with four other internal variables. Consis-tent with the coordinate system, we introduce rotation-vibration type wave functions as the basis,
By solving the internal motions for χ K (R, α, β 1 , β 2 ), butterfly and anti-butterfly vibrational modes, and K-and twisting-rotational modes (associated variables θ 3 and α, and quantum numbers K and ν, respectively) are obtained (Details are given in Ref. [9, 16, 17] Fig.11 shows (see panel B) that there is an extreme of the probabilities for channel spin of I = 0 for Butterfly motion. This is in good agreement with the experimental angular distribution with L = J in Fig.7 . Furthermore, very recently, the molecular model is developed [14] to include the K-mixing, and a tilting mode is obtained. The results exhibit strong concentration in "m = 0" states [14] , which may be in good agreement with the experimental γ-ray distribution. Work is in progress for a reasonable comparison between the data and the calculated results. It seems anyway that in the 28 Si + 28 Si system (oblate-oblate), the spin disalignment could result from a Butterfly motion and tilting mode [9, 10, 11] .
For 24 Mg + 24 Mg : Fig.12 shows that for the 24 Mg + 24 Mg system (prolate-prolate) the different vibrational modes result in channel spin probabilities which are more equal. In this case the Butterfly motion is not anymore the dominant mode.
As a consequence the qualitative differences between 28 Si + 28 Si and 24 Mg + in which the two 24 Mg nuclei interact pole-to-pole, allowing the system to sustain a large amount of angular momentum. This results is well corroborated by the molecular model [17] .
IV. Discussion and Comparison between Different Systems
In The peaks have been identified by using γ-ray spectra. 
